The diagnostic accuracy of the Bruce multistage exercise treadmill test (ETT) and changes in left ventricular function assessed by radionuclide angiocardiography (RNA) during rest and maximal exercise were compared in 72 patients who underwent coronary arteriography for evaluation of chest pain. Significant coronary artery disease was defined as a 75% or greater stenosis of the diameter of any of the three major coronary arteries. The coronary arteriographic results were used to categorize each patient according to the number of vessels with a significant lesion. As a result, 15 patients had insignificant disease and 57 had significant lesions of one or more coronary arteries. ETT results were defined as positive if ST-segment changes occurred with exercise, negative if ST-segment changes did not occur at target heart rate, and indeterminate if ST-segment abnormalities existed at rest or if no ST-segment changes developed at a heart rate below the target heart rate. Abnormal changes in left ventricular function by RNA were an exercise-induced wall motion abnormality, a less than 5% increase in ejection fraction, and a greater than 25% increase in end-diastolic volume and an increase in end-systolic volume with exercise.
SUMMARY The diagnostic accuracy of the Bruce multistage exercise treadmill test (ETT) and changes in left ventricular function assessed by radionuclide angiocardiography (RNA) during rest and maximal exercise were compared in 72 patients who underwent coronary arteriography for evaluation of chest pain. Significant coronary artery disease was defined as a 75% or greater stenosis of the diameter of any of the three major coronary arteries. The coronary arteriographic results were used to categorize each patient according to the number of vessels with a significant lesion. As a result, 15 patients had insignificant disease and 57 had significant lesions of one or more coronary arteries. ETT results were defined as positive if ST-segment changes occurred with exercise, negative if ST-segment changes did not occur at target heart rate, and indeterminate if ST-segment abnormalities existed at rest or if no ST-segment changes developed at a heart rate below the target heart rate. Abnormal changes in left ventricular function by RNA were an exercise-induced wall motion abnormality, a less than 5% increase in ejection fraction, and a greater than 25% increase in end-diastolic volume and an increase in end-systolic volume with exercise.
RNA results were normal in 11 of 15 patients with insignificant disease and abnormal in four, all of whom had 50% lesions of a major coronary artery. In this group, ETT results were indeterminate in seven patients, negative in six and positive in two. In the 57 patients with significant coronary disease, RNA results were abnorinal in 55 and normal in two. ETT results were indeterminate in 12 patients, negative in nine and positive in 36.
RNA had a sensitivity of 97% and a specificity of 73% for the 72 patients. By comparison, ETT had a sensitivity of 80% and a specificity of 66% for the 53 patients with adequate studies. These results suggest that exercise-induced changes in left ventricular function defined by RNA have a greater diagnostic accuracy than the ST-segment response during ETT in the patient population studied. RADIONUCLIDE ANGIOCARDIOGRAPHY (RNA) is a simple, noninvasive technique that permits accurate assessment of left ventricular function during rest and exercise in patients with symptoms of coronary artery disease. During exercise, left ventricular ejection fraction increases in normal subjects, in contrast to patients with coronary artery disease, in whom ejection fraction may decrease with exercise stress.'-3 These exercise-induced abnormalities in ventricular function appear to reflect inadequate coronary blood flow resulting from coronary artery stenosis during periods of increased cardiac work. 4 The diagnostic importance and consistency of changes in left ventricular function from rest to exercise have not been examined in a large patient population with coronary artery stenosis evaluated by concomittant Bruce multistage exercise treadmill test (ETT) and cardiac catheterization. The purpose of this study was to evaluate the usefulness of radionuclide measurement of left ventricular function during rest and exercise in the initial assessment of patients with symptoms suggestive of coronary artery disease.
Seventy-two patients with symptoms of coronary artery disease were selected from those admitted to Duke University Medical Center for cardiac catheterization between July 1, 1977 and June 30, 1978 . Criteria for selection included a Bruce multistage ETT within 1 month of cardiac catheterization, a stable clinical course and willingness to provide written consent for cooperation in the study. Each patient had chest pain suggestive of coronary artery disease and no evidence of other active disease. A myocardial infarction had been documented in 28 patients by serial ECGs and/or cardiac enzymes at least 3 months before catheterization. No patient had a recent myocardial infarction, as suggested by history, resting 12-lead ECGs or serial enzyme determinations. Fifty-three patients were male and 19 were female, ages 33-69 years, with a mean age of 51 ± 9.0 years and a mean body surface area of 1.89 ± 0.21 m2. No patient was participating in an organized physical conditioning program upon inclusion into this study.
Radionuclide angiocardiograms were obtained in 14 normal subjects who served as a control group. Eleven of the 14 were male and three were female, ages 43-69 years, with a mean age of 51 ± 8.0 years and a mean body surface area of 1.98 ± 0.15 M2. None of these subjects had evidence of cardiovascular disease by history, physical examination or resting ECG. Standard exercise treadmill studies were not obtained in the control group, but the ECGs were 1204 monitored carefully during the exercise radionuclide angiocardiograms.
Treadmill Protocol
In patients with coronary artery disease, the electrocardiographic ETT followed the Bruce multistage protocol." Exercise was performed for 3 minutes at each stage (stage I: 1.7 mph, 10% grade; stage II: 2.5 mph, 12% grade; stage III: 3.4 mph, 14% grade; stage IV: 5.0 mph, 18% grade) to achieve 85% of the age-predicted maximal heart rate (target heart rate). 6 ST-segment response was interpreted according to standard criteria. The following ST-segment changes were considered positive: (1) horizontal or downsloping ST-segment depression of 0.1 mV or greater persisting at least 0.08 second in the absence of preexisting ST-segment abnormalities and any drug or electrolyte disturbance known to induce such changes; (2) ST-segment elevation of 0.1 mV or more than the control tracing in any lead except aVR; (3) in the presence of ST-segment depression in the control tracing, additional depression greater than or equal to 0.2 mV.
A test was considered negative only when a subject had achieved 85% of the target heart rate and did not have positive ST-T changes. The target heart rate was determined by subtracting the patient's age from 220. All tests that could not be definitely classified as positive or negative were placed in an indeterminant category. Other reasons for an indeterminant response included preexisting ST-T abnormalities, left bundle branch block, recent ingestion of a digitalis preparation and the development of a serious arrhythmia during exercise.
RNA Protocol
Radionuclide angiocardiograms were performed during rest and exercise according to a previously described protocol.1 7 A short 20-gauge Teflon intravenous catheter was placed percutaneously into an external jugular vein in each patient. The ECG was monitored by a modified CM, lead by telemetry and blood pressure was monitored by a sphygmomanometer during rest, exercise and recovery from exercise. A multicrystal, computerized gamma camera (Cordis-Baird System Seventy-Seven) was used to acquire data at 50-msec intervals for 1 minute after each injection of a 15-mCi bolus of technetium-99m pertechnetate during rest and peak exercise. In each study, data were acquired from an anterior projection with each patient seated in the erect position on a Fitron isokinetic bicycle ergometer. After the resting study, exercise was begun and a second radionuclide angiocardiogram was obtained when the target heart rate was achieved,6 or earlier if significant chest pain, extreme fatigue or electrocardiographic changes suggestive of ischemia developed. In patients who developed symptoms, it was not always possible to reproduce the same level of exercise stress on the ETT and RNA. However, all other patients exercised to equivalent heart rates on the two studies. To avoid excessive leg fatigue during bicycle exercise, the ergometer resistance was increased regularly to evoke the maximal heart rate within 6-10 minutes of exercise. Therefore, the amount of work and rate of increase of work were altered on an individual basis. 8 The three hemodynamic variables measured by this technique from which other hemodynamic values are derived include the left ventricular ejection fraction, end-diastolic volume and pulmonary transit time. 1 7,' The ejection fraction, calculated after background correction, is the fractional decrease in counts from end-diastole to end-systole as the radioactive bolus passes through the left ventricle. Data recorded from several cardiac cycles permit construction of a representative cardiac cycle. The left ventricular images of the representative cardiac cycle were displayed in static and cine formats for analysis of wall motion. Planimetry of the perimeter and measurement of the greatest length of the major axis of the end-diastolic image of the left ventricle permit end-diastolic volume determination by the Dodge formula.10 The pulmonary transit time is the time required for an average tracer element to traverse the pulmonary vasculature. The end-systolic volume, stroke volume, cardiac output and pulmonary blood volume are derived from the three directly measured variables.
Normal changes in left ventricular function from rest to exercise in unconditioned subjects by RNA in our laboratory are a greater than 5% increase in ejection fraction, a less than 25% increase in end-diastolic volume, a decrease in end-systolic volume and no wall motion abnormality. Thus, an abnormal response to exercise was defined as an exercise-induced wall motion abnormality regardless of other changes, or a less than 5% increase in ejection fraction with a greater than 25% increase in end-diastolic volume and an increase in end-systolic volume. An isolated abnormal response in the ejection fraction, end-diastolic volume or end-systolic volume with exercise was considered abnormal. All RNA data were tabulated without knowledge of the results of cardiac catheterization or ETT.
Cardiac Catheterization Protocol
Each patient underwent cardiac catheterization, including measurement of right-and left-heart pressures, left ventriculography and selective coronary arteriography in multiple views. All coronary arteriograms were reviewed and interpreted by three cardiologists. Significant coronary artery disease was defined as 75% or greater stenosis of the diameter in any of the three major coronary arteries. The coronary arteriograms were used to categorize each patient into one of four groups defined as having insignificant, one-, two-or three-vessel coronary artery disease. Patients with isolated left main coronary artery stenosis were grouped with patients who had two-vessel disease. 1205 VOL 62, No 6, DECEMBER 1980 Statistical Analysis Differences in left ventricular function during rest and exercise assessed by RNA were compared by the paired t test within groups and by the unpaired t test between groups. The sensitivity, specificity and predictive value were determined by the standard formulas from the ETT and RNA results.'
Results

Normal Response to Exercise
All subjects in the control group had normal changes in left ventricular function with exercise ( fig.  1 ). Eleven of these subjects achieved the maximal predicted heart rate for age without fatigue. Heart rate increased from 85 ± 20 beats/min to 152 ± 24 beats/min, and the mean blood pressure increased from 97 ± 17 mm Hg to 108 ± 19 mm Hg during exercise. The cardiac output increased from 5.7 ± 2.0 1/min to 15.3 ± 6.2 1/min, and the pulmonary transit time decreased from 7.0 ± 1.0 seconds to 3.4 ± 1.0 seconds. All 14 subjects had an increase in ejection fraction of 7% or greater and slight ventricular dilatation with exericse. Exercise increased the ejection frac- tion of the group from 0.66 ± 0.09 to 0.79 ± 0.08, and the end-diastolic volume by 19% from 105 ± 33 ml to 125 ± 40 ml. As a result, the stroke volume increased from 68 ± 21 ml to 99 ± 36 ml. The end-systolic volume decreased with exercise in 12 of the 14 patients, and the mean end-systolic volume decreased from 37 ± 18 ml to 26 ± 14 ml. Moreover, these subjects had normal wall motion during rest and exercise.
Response to Exercise in Patients with Chest Pain
The 72 patients were categorized by the number of major coronary arteries with a significant lesion. Cardiac catheterization showed that 15 patients had insignificant, 16 had one-vessel, 17 had two-vessel and 24 had three-vessel coronary artery disease. Thus, of the 72 patients undergoing catheterization for chest pain, 57 (79%) had significant coronary artery disease and 15 (21 %) had insignificant coronary artery disease. The mean heart rate during exercise RNA was 131 ± 26 beats/min and 135 ± 22 beats/min (p = NS) during ETT for the 72 patients. The diagnostic accuracy of ETT and RNA were compared with these results (table 1) .
The ETT was positive in 36 of 57 patients (63%) with significant coronary artery disease and two of 15 patients (13%) with insignificant coronary artery disease. The exercise RNA was abnormal in 55 of 57 patients (97%) with significant disease and abnormal in four of 15 patients (27%) with insignificant coronary disease.
Comparison of ETT and RNA diagnosis with coronary arteriography defined a sensitivity of 80% and 97%, a specificity of 66% and 73% and a predictive value of 92% and 93%, respectively (table 2) . However, 19 of 72 patients (26%) had indeterminate ETT results and the sensitivity, specificity and predictive value were calculated only for the 53 patients with a definite result. All RNA studies were interpreted as The changes in ventricular function with exercise in the 15 patients with insignificant coronary disease were similar to those in the control group ( fig. 2 ). During exercise, the mean heart rate increased from 85 ± 15 beats/min to 134 ± 22 beats/min, mean blood pressure increased from 97 + 12 mm Hg to 114 ± 13 mm Hg and the cardiac output increased from 6.0 ± 2.0 1/min to 14.1 ± 6.3 1/min. The pulmonary transit time decreased from 6.8 ± 1.0 seconds at rest to 3.4 ± 1.0 seconds with exercise. Ejection fraction increased from 0.69 ± 0.09 to 0.75 ± 0.09, and end-diastolic volume increased from 107 ± 36 ml to 137 ± 49 ml with exercise. Consequently, stroke volume increased from 71 ± 19 ml to 102 ± 36 ml. End-systolic volume was 36 ± 19 ml at rest and 35 ± 18 ml at exercise.
In these patients, who had chest pain and no coronary artery stenosis of 75% or greater by arteriography, RNA was normal in 11 patients and abnormal in four, but each of these four patients was found to have a 50% stenosis of at least one coronary artery. One patient had a 50% left anterior descending coronary artery stenosis and a negative adequate ETT. During exercise, a wall motion abnormality appeared, his ejection fraction decreased from 0.84 to 0.79, and end-diastolic and end-systolic volumes increased markedly. In the second patient, who had a 50% lesion of the right coronary and an indeterminate treadmill result, the ejection fraction decreased from 0.68 to 0.65 and end-diastolic and end-systolic volumes increased abnormally with exercise. In the third patient, who had a 50% lesion of the left main and left anterior descending coronary arteries and an indeterminate ETT, the ejection fraction decreased from 0.73 to 0.61, end-diastolic and end-systolic volumes increased and a wall motion abnormality developed with exercise. In quate ETT, the ejection fraction increased from 0.65 to 0.68, but a wall motion abnormality developed with exercise. Seven of 15 patients with insignificant coronary artery disease by arteriography had indeterminate results, six had negative adequate results and two had positive results by ETT. The two patients with positive ETT results had normal left ventricular functional responses to exercise on RNA at comparable heart rates. One of these patients had a normal coronary arteriogram, but an increase in ejection fraction from 0.71 to 0.88, small changes in end-diastolic and endsystolic volume and normal wall motion were documented by RNA during exercise. The second patient had a 25% stenosis of the left anterior descending coronary artery on coronary arteriography, and RNA documented an increase in ejection from 0.57 to 0.71, small end-diastolic and end-systolic volume changes and normal wall motion with exercise. Patients with One-vessel Disease In 16 patients with stenosis of one major coronary artery ( fig. 3) , heart rate increased from 88 ± 19 beats/min to 137 ± 25 beats/min, mean blood pressure increased from 103 ± 16 mm Hg to 118 ± 17 mm Hg and cardiac output increased from 6.1 i 2.3 1/min to 12.9 ± 5.0 1/min during the exercise RNA. The pulmonary transit time decreased from 7.0 ± 1.3 seconds to 4.2 ± 1.5 seconds. In this group, the ejection fraction decreased with exercise from 0.62 ± 0.16 to 0.57 ± 0.17, and the mean end-diastolic volume increased by 38%, from 128 ± 72 ml to 176 ± 70 ml. Left ventricular stroke volume increased from 72 ± 26 ml to 96 ± 34 ml, and end-systolic volume increased from 56 ±: 51 ml to 80 ± 59 ml. The only patient in this group with a normal radionuclide result had a 75% left anterior descending coronary stenosis and a negative adequate treadmill result (heart rate 175 beats/min). This patient had an increase in ejection fraction of 0.54 to 0.71, a 49% increase in enddiastolic volume and a decrease in end-systolic volume and normal wall motion with exercise to a heart rate (fig. 4 ). With exercise, the average heart rate increased from 81 A 21 beats/min to 128 A 31 beats/min, the mean blood pressure increased from 96 A 13 mm Hg to 110 A 9 mm Hg and the cardiac output increased from 6.0 A 1.7 l/min to 11.5 A 4.0 1/min. The pulmonary transit time decreased from 7.2 A 1.7 seconds to 4.8 A 1.3 seconds with exercise. The ejection fraction decreased from 0.57 A 0.15 to 0.50 A 0.16 with exercise, and the mean end-diastolic volume increased by 38%, from 140 ± 42 ml to 193 ± 61 ml. Consequently, the stroke volume increased from 75 A 12 ml to 89 A 14 ml and the end-systolic volume increased from 65 A 41 ml to 104 A 61 ml with exercise. Although each of these 17 patients had abnormal radionuclide angiocar- The changes in ventricular function assessed by RNA in the 24 patients with three-vessel coronary artery disease were similar to those in patients with two-vessel disease. Heart rate increased from 81 ± 17 beats/min to 127 + 22 beats/min, mean blood pressure increased from 97 ± 14 mm Hg to 121 i 16 mm Hg and cardiac output increased from 6.4 2.3 1/min to 12.2 ± 4.5 1/min with exercise. The pulmonary transit time decreased from 7.9 + 1.8 seconds to 5.2 + 1.7 seconds with exercise. The average ejection fraction of this group decreased from 0.57 ± 0.12 to 0.47 ± 0.14, and mean end-diastolic volume increased by 42%, from 150 ± 62 ml to 213 ± 67 ml. As a result, end-systolic volume increased from 80 ± 23 ml to 95 ± 27 ml with exercise. The RNA during exercise in these 24 patients was abnormal in 23 and normal in one. The patient with a normal RNA result had a positive ETT result at a heart rate of 150 beats/min. However, the RNA performed at a heart rate of 112 beats/min showed that ejection fraction increased from 0.53 to 0.59 and enddiastolic volume increased by 23%. No wall motion abnormality developed with exercise. The ETT results were indeterminate in three patients, negative in five and positive in 16 of the 24 patients.
Analysis by paired t test of changes in left ventricular function from rest to exercise in each of the groups defined a consistent trend (table 3) . As the anatomic extent of disease increased, the change from rest to exercise became more pronounced, characterized by a decrease in ejection fraction and increases in end-diastolic and end-systolic volumes. Moreover, these changes occurred at lower levels of exercise in the patients with coronary artery disease because chest pain frequently limited the amount of exercise tolerated and resulted in a lower mean heart rate in these groups. The only difference between the normal group and the patient group with insignificant disease was the decreased heart rate with exercise in the patient group. The differences between the normal group and the patient group with one-, two-and three-vessel coronary disease form a pattern. P values derived from t test of means.
Abbreviations: HR = heart rate; BP = mean blood pressure; CI = cardiac index; EF = ejection fraction; EDVI = end-diastolic volume index; SVI = stroke volume index; ESVI = end-systolic volume index; CAD = coronary artery disease. 1209 VOL 62, No 6, DECEMBER 1980 Discussion RNA permits noninvasive measurement of left ventricular function during rest and peak exercise. 13, 12 Previous studies using RNA have shown that the left ventricular response to exercise in patients with coronary artery disease differs from that in normal subjects. 4 The purpose of this study was to compare the accuracy of RNA to standard treadmill testing for the diagnosis of coronary artery disease.
The accuracy and reproducibility of the RNA measurements reported in this study have been validated in our laboratory." 7Thirty-three patients with chest pain had radionuclide angiocardiograms in the supine position immediately before catheterization. The ejection fraction and end-diastolic volume determined by the RNA technique were compared with those determined by contrast ventriculography during catheterization. The correlation coefficient for both the ejection fraction and end-diastolic volume was 0.89. Determinations of stroke volume and cardiac output were correlated by simultaneous applications of the RNA and dye-dilution methods during rest and exercise in 18 healthy young adults.
The results showed a close correlation for stroke volume (r = 0.89) and the cardiac output (r = 0.94). In addition, 10 normal subjects underwent RNA during rest and exercise on different days to determine the variability of ejection fraction and end-diastolic volume. The mean variability in ejection fraction was 0.04 ± 0.04 during rest and 0.03 ± 0.02 during exercise, and the variability in end-diastolic volume was less than 10 ml during rest and exercise. Although analysis of wall motion abnormalities remains subjective, intraobserver variability was low in the present study. Moreover, RNA data were tabulated without knowledge of cardiac catheterization results.
Technical considerations prohibit simultaneous acquisition of an ETT and a RNA. The treadmill was used for the ETT because this is the standard stress technique used at this institution. A bicycle ergometer was used for the RNA to permit left ventricular function measurements during exercise without excessive motion of the thorax. The major exercise objective was to achieve the same heart rate on both stress studies.
However, some patients exercised to fatigue or chest pain without achieving age-predicted heart rate or significant ST-T-wave depression. The RNA data were tabulated to include these patients, but would have been considered indeterminate by comparable changes on ETT. Each of the 72 patients and 14 normal subjects in the present study had a technically adequate RNA. Although criteria used to separate normal from abnormal changes in ventricular function during exercise are somewhat arbitrary, these criteria reflect our initial 18-month experience with RNA at this institution. Further experience may more clearly define the normal-abnormal distinction for each variable, and examination of the interrelationship of multiple variables may also enhance the accuracy of this procedure.
Coronary arteriography has become the standard for definitive evaluation of patients with symptoms ofcoronary artery disease. 13 Although some interobserver variability exists in interpreting the degree of luminal stenosis, this procedure more accurately assesses the location and extent than it quantitates the magnitude of coronary disease. 1417 The criterion requiring a lesion to occlude at least 75% of the vessel diameter to be considered significant may not reflect the physiologic impact of the stenosis during exercise but is a reasonable index of the anatomic severity of disease.'8' 19 To avoid bias, the arteriographic results reported clinically were used without further review to group patients in this report. The frequency of positive ETT results increased with the severity of anatomic disease, as in previous studies.20' 21 A comparison of the RNA results with the anatomic groups showed a pattern of change in ventricular function from rest to exercise. Moreover, the results of this study suggest that changes in left ventricular function during exercise RNA correlate better with the anatomic severity of disease determined by coronary arteriography than does the incidence of positive ETT. The lack of complete agreement between RNA and coronary arteriography is not surprising, as functional assessment of stenotic coronary lesions may better characterize the extent of ischemia than anatomic characterization derived from coronary arteriography. Other studies have shown that a 50% coronary artery stenosis may limit blood flow during exercise.22' 23 The exerciseinduced abnormality of left ventricular function in four patients with a 50% stenosis of one coronary artery suggests that this level of stenosis may cause ischemia.
The sensitivity, specificity and predictive value of any test relate to the nature of the population undergoing evaluation. 11 24 In asymptomatic patients, the predictive accuracy of ST-segment changes with treadmill testing is relatively poor."' In contrast, the ETT results in symptomatic patients reveal a high level of predictive accuracy and a relatively low falsepositive rate. 24 The patient population of the present study was small but similar to that of previous reports from this institution that have evaluated the diagnostic and prognostic value of Bruce multistage ETT in patients catheterized for symptoms of coronary artery disease.20' 21 These studies used a 75% stenosis of at least one coronary artery as an arbitrary criterion of disease and showed that approximately 33% of patients had insignificant coronary disease and 67% had significant coronary disease. By the same criterion, 79% of patients in the present study had coronary artery disease. In previous studies, the ETT results were indeterminate in approximately 20% and 65% of the interpretable results were positive. In the present study, ETT was indeterminate in 26% and 63% of tests were positive. The similarity of the ETT and catheterization results to those of earlier reports suggests that the 72 patients in this study are representative of the patient population undergoing evaluation for chest pain at Duke University Medical Center. The RNA sensitivity of 97% and specificity of 73% apply only to the population of patients represented and cannot be extended to other populations with a different disease prevalence. However, if further experience supports these initial observations, RNA would be perferable to ETT for evaluating patients with chest pain before cardiac catheterization. If the criteria for an abnormal RNA during exercise had been required of these 72 patients before catheterization, 13 of the 72 patients (18%) would not have been catheterized. In addition, only two of the 57 patients (3%) with anatomically significant disease would have been missed and four patients (6%) of the original group would have been catheterized for disease ultimately considered not significant. If an abnormal or indeterminate ETT had been used as a criterion for catheterization, 15 of the 72 patients (21%) would not have been catheterized, but 21 of the 57 patients (37%) with anatomically significant disease would have been missed and two patients (3% of the original group) would have been catheterized for disease ultimately considered insignificant.
Although our initial experience with radionuclide measurement of left ventricular function during rest and exercise appears promising for the initial evaluation of patients with chest pain, further comparisons with other diagnostic procedures will be required to define the clinical role of alternate modalities.
Myocardial perfusion imaging with thallium-201 during rest and exercise has also been advocated for noninvasive diagnosis of coronary artery disease.2' 26 In a multicenter study trial, the diagnostic accuracy of thallium-201 studies in 190 patients with chest pain was evaluated using a 50% stenosis on coronary arteriography as the criterion of disease.27 Abnormal rest or exercise thallium studies were present in five of 42 patients (12%) without significant disease, and 33 of 148 patients (22%) with coronary artery disease had normal rest and exercise thallium-201 studies. The incidence of positive thallium-201 studies increased with the number of significantly stenosed vessels. Comparison of RNA and thallium-201 studies in the same patient population would be important in determining the clinical value of these procedures.
